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This  study  examines  the  trends  of  public  opinions  concerning  the  introduction  of  hydrogen  vehicles  in 
Greater  Stavanger  as  well  as  public  attitudes  towards  the  natural  environment  over  the  course  of  the 
three-year  period.  This  study  is  based  on  two  surveys  of  the  hydrogen  highway  project  (HyNor)  which 
were  collected  in  the  Greater  Stavanger  region,  the  west  coast  of  Norway,  between  2006  and  2009 
(n  =  2000).  The  results  of  the  study  highlight  that  -  despite  an  increased  awareness  of  hydrogen  vehicles 
-  the  proportions  of  those  with  pro-environment  attitudes  who  support  hydrogen  vehicles'  introduc¬ 
tion  decreased  between  2006  and  2009.  The  results  reveal  that  knowledge  about  sustainable 
environment  can  affect  hydrogen  energy's  acceptance  whereas  the  level  of  pro-environment  attitudes 
can  increase  not  only  public  acceptance  of  hydrogen  vehicles,  but  also  people's  willingness  to  pay  for 
hydrogen  fuels.  These  results  were  consistently  found  throughout  the  observed  periods,  based  on  the 
Greater  Stavanger's  case.  A  set  of  recommendations  was  discussed  to  improve  public  acceptance  of 
hydrogen  vehicles,  and  the  next  avenue  of  research  regarding  analysis  of  public  acceptance  and 
awareness  about  hydrogen  vehicles  was  proposed. 
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1.  Introduction 

Hydrogen  vehicles  along  with  other  green  technology  features, 
such  as  electric,  biogas  and  solar-powered  vehicles,  have  been 
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seriously  considered  for  sustainable  urban  mobility  [1-4].  As 
argued  by  environmentalists  and  urban  transport  scholars,  such 
uses  of  these  vehicles  can  reduce  air  pollution  created  by  the 
intense  use  of  fossil-based  fuels  in  the  road  transport  sector  as 
well  as  mitigate  fossil  energy  shortages  that  might  exist  in  the 
future.  It  is  further  suggested  that  shifting  conventional  vehicles 
with  sustainable  fuels  for  a  long-term  effort  can  produce  sig¬ 
nificant  contributions  in  preventing  global  warming  and  other 
atmospheric  deteriorations  [5-9]. 
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During  the  last  two  decades,  significant  attention  has  been 
focused  on  increasing  the  share  of  hydrogen  vehicles  on  urban 
roads.  For  example,  a  proposal  from  the  European  Commission  for 
energy  and  transport  established  a  goal  to  increase  the  proportion 
of  hydrogen  vehicles  to  25%  of  all  vehicles  in  the  European  market 
by  2030  and  35%  by  2040  [10].  In  North  America,  state  govern¬ 
ments  (e.g.,  California,  Connecticut,  New  York  and  South  Carolina) 
and  universities  (e.g.,  UC  Davis  and  UC  Berkeley)  have  spent 
billions  of  dollars  on  hydrogen  energy  projects  [11,12],  Both 
parties  are  currently  implementing  various  strategies  for  demon¬ 
strations,  education,  public  outreach  and  market  deployments  of 
hydrogen  vehicles  in  order  to  achieve  the  greatest  likelihood  of 
success  for  such  energy  introduction  efforts.  The  world’s  leading 
auto  manufacturers  and  energy  companies  have  also  been 
actively  involved  in  producing  hydrogen  fuel  and  providing  it 
into  the  market.  For  example,  in  Germany,  a  public-private 
consortium  has  sought  to  address  the  potential  needs  of  hydrogen 
fuel  by  targeting  the  construction  of  1000  hydrogen  refuelling 
stations.  As  part  of  this  goal,  the  German  government  has  injected 
at  least  1.4  billion  euros  into  supporting  various  development 
steps  in  pursuit  of  new  innovations  related  to  hydrogen  vehicles 
[13].  Such  evidence  clearly  shows  that  key  players  in  Germany  are 
moving  forward  in  anticipation  of  future  needs  related  to  sustain¬ 
able  vehicles  for  local  and  global  markets. 

In  Norway,  hydrogen  energy  developments  have  been  exten¬ 
sively  discussed  and  researched  by  the  authorities,  energy  scien¬ 
tists  and  industries,  leading  to  the  first  hydrogen  highway  project 
(HyNor)  being  established  in  2003.  This  project  is  recognised  as 
part  of  a  broader  agenda  in  the  Nordic  region  aimed  at  introdu¬ 
cing,  socialising  and  implementing  hydrogen  energy  features  for 
motorised  modes  through  the  Scandinavian  Hydrogen  Highway 
Partnership  (SHHP)  involving  Norway  (HyNor),  Sweden  (Hydrogen 
Sweden)  and  Denmark  (Hydrogen  Link).  The  HyNor  project’s 
primary  goals  are  (1)  to  introduce  a  hydrogen  road  network  from 
Oslo  and  Stavanger,  including  refuelling  stations;  (2)  to  extend  the 
coverage  of  hydrogen  vehicles’  introduction,  involving  other  major 
Norwegian  cities,  followed  by  the  capacity  improvement  of  the 
present  refuelling  stations;  and  (3)  to  promote  a  hydrogen  road 
network  in  Scandinavian  regions,  connecting  major  cities  in 
Sweden,  Denmark  and  Norway  through  the  SHHP  network  [14,15]. 

Norway’s  first  hydrogen  fuelling  station  was  formally  put  into 
operation  in  August  2006  as  part  of  the  HyNor  project.  This 
refuelling  station  was  developed  for  delivering  350  and  700  bar 
hydrogen  as  well  as  natural  hythane,  a  mix  of  natural  gas  and 
hydrogen  [15].  This  site  is  located  within  an  industrial  neighbour¬ 
hood  of  Greater  Stavanger — namely,  the  Forus  area.  The  hydrogen 
refuelling  station  was  developed  and  is  owned  by  Statoil  (a  state- 
owned  oil  company)  and  is  located  adjacent  to  the  conventional 
refuelling  station.  Four  Toyota  Prius  hydrogen  cars  were  used  in 
Greater  Stavanger  when  the  project  was  first  started;  by  2011,  15 
Toyota  Prius  and  4  Mazda  hydrogen  cars  were  in  use  in  Norway. 
As  briefly  described  by  the  HyNor  project’s  reports,  several  new 
hydrogen  vehicles  have  been  operated  on  Norwegian  roads  (e.g., 
10  Mercedes  Benz,  5  Think  City,  and  2  Hyundai  hydrogen  cars). 
Based  on  our  observations  in  2009,  local  residents  welcome  the 
introduction  of  hydrogen  vehicles  as  a  significant  number  of  the 
respondents  in  Greater  Stavanger  consider  hydrogen  to  be  one  of 
the  most  promising  fuels  for  the  future  [16]. 

It  should  be  further  noted  that,  along  with  the  implementation 
of  hydrogen  energy  for  motorised  modes  in  Greater  Stavanger, 
other  major  cities  in  Norway  (e.g.,  Bergen  and  Oslo)  have  devel¬ 
oped  similar  efforts,  introducing  other  modes  of  transportation 
relying  on  hydrogen  fuels  (e.g.,  public  bus  and  passenger  ferry). 
Moreover,  hydrogen  energy  development  efforts  are  being 
studied  for  other  purposes,  such  as  heating  systems  for  buildings 
and  housing. 


2.  Past  studies  and  research  objectives 

In  addition  to  extensive  engineering  development  efforts  and 
technical  innovations  of  hydrogen  energy  features  [17,18],  com¬ 
prehensive  studies  focusing  on  the  public’s  acceptance  of  hydro¬ 
gen  vehicles  and  their  reaction  to  the  different  aspects  of  the 
technology  have  recently  been  carried  out.  As  suggested  by 
Schulte  et  al.  [19]  and  Huijts  et  al.  [20],  a  comprehensive  under¬ 
standing  of  hydrogen  knowledge,  perception,  attitude  and  accep¬ 
tance  towards  hydrogen  vehicles  is  strongly  beneficial  for 
increasing  the  market’s  share  of  hydrogen  use  and  purchase. 
These  researchers  argued  that  gaining  crucial  information  about 
advantages  and  barriers  of  renewable  energy  developments,  as 
expressed  by  the  public,  can  be  utilised  for  future  improvements 
of  the  technology.  Such  studies  further  allow  us  to  comprehen¬ 
sively  examine  the  characteristics  of  those  who  are  likely  to 
support  the  adoption  of  hydrogen  vehicles  and  those  who  do 
not  in  society.  These  characteristics  can  provide  important  feed¬ 
back  for  addressing  specific  policy  strategies,  such  as  designing  an 
effective  campaign  of  hydrogen  energy  introductions  for  those 
who  are  most  likely  to  purchase  and  use  the  hydrogen  vehicles  in 
the  future.  Furthermore,  preparing  subsidy  scenarios  and  other 
incentives  will  be  more  powerful  if  policy  makers  have  a  suffi¬ 
cient  “map”  of  technology  supporters’  profiles. 

Past  studies  demonstrate  that  social  factors  such  as  age, 
income  and  education  level  play  a  crucial  role  in  determining 
the  propensity  of  public  hydrogen  vehicles’  support  and  use 
[21-31].  For  example,  Altmann  and  Grasel  [25],  Schmoyer  et  al. 
[26]  and  others  indicate  that  those  with  higher  degree  of  formal 
education  are  more  likely  to  support  the  technology;  this  belief  is 
consistent  with  other  renewable  energy  cases  as  well,  including 
biogas  [32]  and  electric  vehicles.  Previous  studies  further  reveal 
that  male  individuals  are  more  likely  to  support  hydrogen 
vehicles  than  their  female  counterparts  [22,27].  However,  the 
dominant  role  of  males  on  this  issue  seems  to  be  less  conclusive 
since  other  evidence  reports  that  women  are  cautious  about 
hydrogen  energy  and  aware  of  the  unsustainable  consequences 
of  utilising  fossil  fuels  (a  set  of  reviewed  studies  addressing  such 
issues  can  be  found  in  Ricci  et  al.  [29],  Roche  et  al.  [30]  and 
Sherry-Brennan  et  al.  [31]). 

Location  and  built  environment  variables  can  bring  further 
significant  implications  to  the  possibility  of  accepting  and  using 
hydrogen  vehicles.  For  example,  the  location  of  refuelling  stations 
can  influence  the  public’s  knowledge  and  even  sense  of  belonging 
to  the  hydrogen  energy  projects  [15,16]  as  those  who  live  close  to 
the  hydrogen  refuelling  stations  may  be  more  familiar  with  the 
presence  of  the  hydrogen  refuelling  stations,  making  them  more 
likely  to  support  hydrogen  fuels.  In  addition,  the  long  travel 
distance  factor  in  reaching  the  hydrogen  refuelling  stations  from 
users’  regular  location  points  (i.e.,  home  and  work)  can  lead  to 
resistance  to  hydrogen  technology  [33]  as  people  may  have  less 
flexibility  for  travel  when  using  hydrogen  vehicles. 

Although  a  significant  consensus  exists  in  the  literature  about 
a  positive  correlation  between  positive  attitudes  of  sustainable 
environment  concerns  and  support  for  the  introduction  of  renew¬ 
able  energy,  the  effect  of  greater  knowledge  on  the  likelihood  of 
renewable  energy  support  and  use  varies  across  studies.  On  one 
hand,  the  results  demonstrate  that  having  a  sufficient  knowledge 
can  lead  to  support  for  renewable  energy  as  the  public  becomes 
much  more  aware  about  the  purposes  of  such  efforts.  However, 
other  studies  have  found  that  sufficient  knowledge  about  renew¬ 
able  energy  features  has  no  significant  relationship  with  the 
decision  to  support  the  technology  [29-31],  A  few  studies  even 
found  a  negative  correlation  between  these  factors  because  the 
public  focuses  more  attention  on  the  negative  implications  of  the 
technology  developments  (e.g.,  the  Heidelberg  bomb),  causing 
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people  to  doubt  that  safety  issues  have  been  fully  addressed  in 
energy  development  efforts  [22]. 

Questions  about  willingness  to  pay  (WTP)  for  hydrogen  fuel 
were  often  included  in  other  studies  in  order  to  clarify  whether 
environmental  advantages  could  persuade  people  to  spend  extra 
money  on  the  fuel  [11,15,16,23].  For  example,  one  study  mea¬ 
sured  the  “money”  value  of  hydrogen  fuels  based  on  the  total 
value  of  hydrogen  fuel  purchase  and  the  money  value  of  efforts  to 
protect  environment  by  purchasing  the  fuel.  The  final  value, 
considering  both  variables,  was  defined  as  WTP  for  hydrogen 
fuels.  In  another  group  of  studies,  a  direct  assessment  of  WTP  was 
conducted  by  directly  asking  how  much  extra  money  an  indivi¬ 
dual  would  pay  for  hydrogen  fuel;  the  average  value  of  WTP  was 
determined  for  the  entire  sample  group.  In  addition,  Martin  et  al. 
[11]  compared  WTP  among  Californians  in  two  cases  using  the 
same  sample  group  (before  and  after  direct  experience  with  this 
vehicle),  contributing  to  the  literature  regarding  the  roles  of  ride 
experience  on  WTP  change. 

In  the  context  of  Norway,  Thesen  and  Langhelle  [15]  investi¬ 
gated  public  feedback  about  awareness,  acceptability  and  atti¬ 
tudes  related  to  the  development  of  hydrogen  energy  when 
HyNor  refuelling  stations  were  first  put  into  operation  in  2006. 
The  primary  results  of  their  study  demonstrated  that  the  respon¬ 
dents  had  significant  environmental  concerns  and  pro-environ¬ 
ment  attitudes  as  well  as  strong  public  acceptance  of  hydrogen 
vehicles.  The  study  further  argued  that  prior  knowledge  about 
hydrogen  vehicles  was  key  for  developing  greater  support  for 
such  technological  developments.  However,  based  on  a  recent 
survey,  Tarigan  et  al.  [16]  offered  an  indication  that  greater 
knowledge  among  Greater  Stavanger  respondents  can  imply  a 
lower  level  of  support  for  hydrogen  energy  features,  particularly 
when  pro-environment  attitudes  have  not  changed.  Ultimately, 
the  greater  the  knowledge,  the  stronger  the  attitude  in  support  of 
sustainable  environment  and  hydrogen  energy,  which  may  con¬ 
sistently  imply  greater  support  for  the  applications  of  hydrogen 
vehicles. 

Hydrogen  energy  and  its  application  in  the  road  transport 
sector  have  been  actively  discussed  among  the  mass  media  in 
Norway  since  the  HyNor  project  was  launched  in  2006  (see  Fig.  1 ), 
which  may  have  played  a  crucial  role  in  influencing  changes 
concerning  public  knowledge,  attitudes  and  acceptance  of  hydro¬ 
gen  vehicles  and  related  infrastructures  [22].  Such  evidence  is  in 
line  with  Thesen  and  Langhelle’s  [15]  report,  suggesting  that  a 
great  amount  of  information  distributed  by  newspapers,  maga¬ 
zines  and  TVs  can  increase  hydrogen  knowledge,  thereby  imply¬ 
ing  a  greater  acceptance  of  hydrogen  vehicles.  Yet  doubts  have 
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Fig.  1.  Number  of  publications  about  hydrogen  energy  and  its  related  applications 
published  by  national  and  local  newspapers  in  Norway  from  2006  to  2010 
( Source :  authors'  calculations). 


emerged  about  public  responses  and  the  temporal  trends  related 
to  knowledge  of,  attitudes  towards  and  acceptance  of  hydrogen 
vehicles  and  refuelling  stations.  For  instance,  given  the  great 
amount  of  information  that  has  emerged  from  various  means 
over  the  last  few  years,  a  paradox  hypothesis  may  apply:  Greater 
information  about  hydrogen  vehicles  could  be  leading  to  sceptical 
opinions  about  the  future  of  hydrogen  energy  as  people  become 
more  knowledgeable  about  certain  disadvantages  of  the  technol¬ 
ogy  and  its  potential  problems  (e.g.,  high  costs  of  hydrogen 
energy  production,  safety  concerns  and  related  risks  as  well  as 
limited  availability  of  refuelling  stations).  Such  effects  in  turn 
create  greater  negative  opinions  about  hydrogen  applications, 
consequently  reducing  support  for  this  technology.  Tarigan  et  al. 
[16]  stressed  this  type  of  possibility,  particularly  when  the  public 
did  not  simultaneously  change  their  attitudes  to  support  a 
sustainable  environment. 

Driven  by  this  discussion,  the  current  paper  aims  to  review  the 
progress  and  changes  concerning  public  knowledge,  attitudes, 
acceptance  and  WTP  related  to  hydrogen  vehicles’  development 
among  the  Greater  Stavanger  individuals  (n  =  2000).  The  study 
aims  to  verify  how  people  react  to  the  introduction  of  hydrogen 
energy  and  how  such  reactions  substantially  changed  between 
2006  and  2009,  particularly  in  areas  where  local  newspapers 
continuously  published  information  about  the  technology  during 
the  observed  periods.  Consequently,  this  study  employs  two  sets 
of  data  (the  2006  and  2009  data)  to  uncover  the  trends  in 
hydrogen  knowledge,  attitudes  and  support  among  the  Greater 
Stavanger  samples.  The  study  further  differentiates  the  partici¬ 
pants  based  on  those  who  live  very  close  to  refuelling  stations  and 
those  who  live  further  from  the  stations  in  order  to  capture  the 
influence  of  the  ‘not  in  my  back  yard’  (NIMBY)  issue,  as  high¬ 
lighted  by  previous  studies  [15,16,23]. 

To  the  best  of  our  knowledge,  only  a  few  previous  works  have 
focused  on  a  temporal  change  analysis  of  knowledge,  attitudes 
and  acceptances  related  to  hydrogen  energy  features  as  well  as 
WTP  for  hydrogen  fuels.  The  closest  research  design  we  found  is 
the  work  of  Shaheen  et  al.  [24],  which  demonstrated  the 
dynamics  of  drivers’  behaviours  towards  hydrogen  vehicles  utilis¬ 
ing  three  phases  of  a  survey  in  California  using  monthly-based 
data  with  a  limited  sample  size.  Hence,  it  is  hoped  that  the 
current  study  -  with  its  larger  sample  size  -  may  be  valuable  as 
an  opportunity  to  disseminate  the  transferability  of  the  results 
about  temporal  trends  of  public  knowledge,  attitudes  and  accep¬ 
tance  related  to  hydrogen  energy  applications  based  on  an 
industrialised  nation’s  experience  [24].  Moreover,  the  results  of 
this  research  will  be  essential  for  preparing  future  strategies  and 
policies  in  order  to  generate  greater  positive  support  from  the 
market  as  well  as  prevent  a  significant  decrease  of  support  for 
hydrogen  vehicles. 

The  rest  of  this  paper  is  organised  as  follows.  The  data  and  the 
description  of  the  sample  are  elaborated  upon  in  the  next 
sections.  The  results  are  then  presented.  Finally,  discussions  and 
conclusions  are  presented. 


3.  Data  collection 

The  dataset  employed  in  the  study  is  part  of  the  HyNor 
research  project,  which  was  partially  funded  by  the  Norwegian 
Research  Council.  The  surveys  consist  of  two  phases  collected 
during  spring  2006  (phase  1)  and  2009  (phase  2).  The  surveys 
were  randomly  addressed  to  1270  telephone  numbers.  The 
second  survey  approached  the  respondents  based  on  the  same 
telephone  number  lists  utilised  in  the  first  phase.  The  surveys 
targeted  two  groups:  individuals  living  within  a  1  km  radius  of 
the  hydrogen  refuelling  station  (defined  as  the  "Back  Yard” 
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Fig.  2.  Major  HyNor  projects  in  Norway  ( Source :  HyNor). 


Table  1 

Respondents’  characteristics. 


Greater  Stavanger 

Back  Yard 

2006  (n  =  600) 

2009  (n  =  600) 

Change3 

2006  (n=400) 

2009  (n  =  400) 

Change3 

Women  (%) 

55.2 

47.8 

-7.3 

52.0 

47.0 

-5.0 

Age  (Mean) 

50.9 

49.0 

-1.8 

43.4 

45.7 

2.3 

18-25  (%) 

6.0 

6.5 

0.5 

12.3 

10.5 

-1.8 

26-35 (%) 

10.7 

11.2 

0.5 

20.5 

14.5 

-6.0 

36-45  (%) 

23.5 

26.2 

2.7 

22.5 

20.3 

-2.3 

46-55  (%) 

20.5 

24.5 

4.0 

23.3 

29.0 

5.8 

56-65 (%) 

20.8 

17.0 

-3.8 

14.8 

18.3 

3.5 

66+  (%) 

18.5 

14.7 

-3.8 

6.8 

7.5 

0.7 

Higher  degree13  (%) 

68.7 

66.8 

-1.8 

65.3 

68.4 

3.2 

Car  ownership  (%) 

91.2 

92.0 

0.8 

93.5 

93.8 

0.2 

Full-time  worker  (%)c/d 

71.5 

67.9 

-3.6 

80.0 

77.7 

-2.3 

Petroleum-based  worker  (%) 

27.2 

29.7 

2.5 

31.4 

33.4 

2.0 

Private-based  worker  (%) 

59.4 

54.8 

-4.6 

59.1 

62.3 

3.2 

Presence  of  child  (%) 

53.5 

55.2 

1.6 

43.0 

46.3 

3.3 

Married/live-in  partner  (%) 

53.3 

57.1 

3.8 

49.8 

59.6 

9.9 

a  Change  (%)=2009  (%)-2006  (%). 

b  University  degree  reflects  individuals  who  obtained  college/university  degree  or  higher. 

c  Difference  between  percentages  in  the  2006  samples  (Greater  Stavanger  vs.  Back  Yard)  is  statistically  significant  at  <0.001. 
d  Difference  between  percentages  in  the  2009  samples  (Greater  Stavanger  vs.  Back  Yard)  is  statistically  significant  at  <0.001. 


sample)  and  individuals  living  outside  the  1  km  circle  (i.e.,  the 
Greater  Stavanger  sample).  Back  Yard  respondents  are  those  from 
the  Forus  area — an  area  which  consists  of  residential  houses 
mixed  with  industrial  and  business  neighbourhoods.  The  Greater 
Stavanger  respondents  were  mostly  from  the  municipalities  of 
Stavanger,  Sandnes,  Sola  and  Randaberg  (see  Fig.  2).  The  majority 
of  the  question  lists  distributed  in  both  surveys  were  practically 
similar,1  and  the  question  format  was  based  on  the  previous  work 
of  O’Garra  et  al.  [23].  The  surveys  recorded  information  about 
socio-demographic  characteristics  as  well  as  knowledge,  attitudes 
and  acceptance  related  to  hydrogen  vehicles  and  refuelling  sta¬ 
tions.  However,  questions  about  opinions  of  other  sustainable 
vehicles  were  included  in  the  second  survey,  along  with  personal 
reasons  underlying  such  decisions  to  choose  the  particular  energy 
features.  The  questions  on  environmental  attitude  and  knowledge 
were  further  improved  in  the  latter  phase  of  the  survey  to  acquire 
richer  information  related  to  social  and  psychological  issues  of 
hydrogen  energy  introduction.  As  the  final  target,  for  each  survey, 
400  completed  interviews  from  the  Back  Yard  sample  and  600 
interviews  from  the  Greater  Stavanger  sample  were  successfully 


1  Detailed  descriptions  about  the  first  survey  approach  can  be  found  in  Thesen 
and  Langhelle  I15i. 


recorded,  resulting  in  a  total  of  2000  interviews  being  recorded  in 
the  2006  and  2009  phases.  This  data  collection  method  did  not 
record  the  response  rate  (i.e.,  the  ratio  between  the  number  of 
persons  who  agreed  to  participate  in  the  survey  and  the  number 
of  persons  who  were  approached).  The  empirical  results  are 
tabulated  and  figured  in  the  next  section. 


4.  Changes  in  attitude,  knowledge  and  acceptance  related 
to  hydrogen  energy  features 

4.J.  Sample  profile 

Table  1  summarises  the  proportions  of  the  samples  in  the  two 
phases  of  the  survey,  primarily  considering  socio-demographic 
attributes.  The  analyses  for  the  Greater  Stavanger  sample  are 
based  on  weighted  data,  while  the  Back  Yard  sample  was  not 
weighted  as  population  characteristics  of  the  Back  Yard  area  are 
difficult  to  obtain.  In  general,  the  sample  size  was  consistent 
between  the  2006  and  2009  phases  and  between  the  Back  Yard 
and  the  Greater  Stavanger  samples.  Chi-square  tests  of  our 
preliminary  results  confirmed  that  only  the  percentages  of  ‘full- 
time  worker’  differed  significantly  in  the  two  samples;  such 
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evidence  was  consistently  found  in  both  phases.  Overall,  several 

notions  about  the  dataset  profile  can  be  summarised  as  follows: 

•  Compared  to  the  first  survey  phase,  female  participation  in  the 
second  phase  slightly  decreased  in  the  Back  Yard  ( -  5.0%)  and 
the  Greater  Stavanger  (-7.3%)  samples. 

•  The  proportions  of  individuals  with  access  to  private  autos  are 
high  (greater  than  90%)  in  both  sample  groups,  but  slightly 
increased  from  2006  to  2009.  These  results  are  consistent  with 
the  trends  reported  by  Statistics  Norway,  where  an  increase  in 
auto  ownership  has  shaped  all  major  cities  in  Norway,  includ¬ 
ing  Greater  Stavanger,  over  the  last  few  decades. 

•  The  proportions  of  full-time  workers  decreased  slightly  in  both 
sample  groups  ( -  2.3%  in  the  Back  Yard  and  -  3.6%  in  Greater 
Stavanger).  However,  such  changes  seem  to  vary  across  work 
types.  For  instance,  the  proportions  of  petroleum  and  private- 
based  workers  increased  in  the  Back  Yard  sample  (3.2%)  but 
decreased  in  the  Greater  Stavanger  sample  (-4.6%). 

•  Very  little  change  occurred  in  household  structure  in  either 
the  Back  Yard  or  Greater  Stavanger  samples  between  the  two 
survey  phases. 


4.2.  Pro-environment  attitudes 

As  briefly  mentioned  in  the  literature  review,  measuring 
attitudes  about  the  natural  environment  and  urban  sustainability 
is  essential  due  to  their  crucial  role  in  influencing  public  opinions 
to  support  (or  decline)  sustainable  energy  features.  In  the  2006 
and  2009  phases,  all  respondents  were  asked  to  rate  their  levels  of 
pro-environment  attitudes.  Four-item  Likert-type  attitude  state¬ 
ments  were  provided  with  five  possible  answers:  fully  disagree, 
disagree,  neither  agree  nor  disagree,  partly  agree  and  fully  agree.  To 
determine  whether  statistically  significant  differences  emerged  in 
responses  across  both  phases  of  survey,  the  Mann-Whitney 
[/-test  and  the  Kolmogorov-Smirnov  test  were  applied  (see  Table  2). 

The  results  clearly  indicate  that  respondents  who  accepted  ( partly 
and  fully  agree )  statement  1  (‘Solving  environmental  problems  should 
be  one  of  the  top  three  priorities  for  public  spending')  decreased 
between  2006  and  2009  in  both  sample  groups  ( - 15%  in  the  Greater 
Stavanger  and  - 19%  in  the  Back  Yard  sample).  The  Mann-Whitney 
L/-tests  further  confirmed  statistically  significant  differences  between 
the  2006  and  2009  data  in  terms  of  public  opinions  related  to 
statement  1.  Such  evidence  was  consistently  obtained  in  the  Greater 
Stavanger  and  Back  Yard  cases. 

Statement  2  discussed  whether  it  is  necessary  for  eveiyone  to 
engage  in  certain  activities  to  protect  the  environment.  The  results 
indicated  that  the  majority  of  respondents  supported  (partly  agree 
or  fully  agree )  this  statement  (more  than  50%  in  both  phases  and 


both  sample  groups).  Again,  the  trends  in  supporting  this  state¬ 
ment  decreased  over  time  ( -  23%  in  the  Greater  Stavanger  sample 
and  -25%  in  the  Back  Yard  sample).  Such  changes  were  further 
statistically  confirmed  through  the  Mann-Whitney  [/-tests  and  the 
Kolmogorov-Smirnov  tests,  demonstrating  that  respondents’  atti¬ 
tude  regarding  statement  2  differed  between  2006  and  2009.  These 
results  were  consistent  in  the  two  sample  groups. 

The  third  statement  is:  ‘Science  and  technology  are  keys  to 
solving  environmental  problems  in  Norway.’  The  results  indicated 
that  approximately  32-37%  of  the  total  respondents  supported 
(partly  or  fully  agree )  this  statement  in  2006  and  2009,  with  small 
temporal  changes  occurring  (-4%  in  the  Greater  Stavanger 
sample  and  -6%  in  the  Back  Yard  sample).  Although  the 
Kolmogorov-Smirnov  tests  confirmed  differences  of  respondents’ 
attitude  concerning  statement  3  between  2006  and  2009,  the 
Man-Whitney  ll-tests  failed  to  confirm  such  differences  for  the 
Back  Yard  case  (p  <  0.094,  at  the  0.05  significance  level). 

The  last  statement  asked  respondents  whether  environmental 
problems,  like  global  warming  and  air  pollution,  have  been  exagger¬ 
ated  (statement  4).  Approximately  two  thirds  of  total  respondents 
accepted  (partly  or  fully  agree )  the  statement;  the  percentages 
decreased  between  2006  and  2009  (-10%  in  the  Greater  Stavanger 
sample  and  —17%  in  the  Back  Yard  sample).  The  Kolmogorov- 
Smirnov  tests  confirmed  these  findings,  suggesting  statistically  sig¬ 
nificant  differences  between  the  two  survey  phases  concerning 
respondents’  opinions  of  statement  4.  Such  differences  were  found 
in  the  Greater  Stavanger  and  Back  Yard  groups. 

Overall,  it  can  be  concluded  that  more  than  30%  of  respondents 
supported  (partly  agree  or  fully  agree)  pro-environment  attitudinal 
statements  (exceeding  50%  in  several  cases)  based  on  the  2006 
and  2009  surveys.  In  addition,  there  was  a  strong  indication  that 
the  percentages  of  those  who  supported  the  attitudes  had 
changed  and  decreased  over  time.  These  results  were  statistically 
confirmed  for  most  cases.  Such  changes  are  expected  to  influence 
the  trends  of  public  acceptance  of  support  for  hydrogen  vehicles. 

4.3.  Hydrogen  knowledge 

Respondents  were  asked  to  indicate  the  level  of  their  knowl¬ 
edge  about  hydrogen  fuels,  with  five  possible  answers:  very  much, 
quite  a  bit,  neither  a  lot  nor  a  little,  quite  a  little  or  very  little  or 
nothing.  As  Fig.  3  demonstrates,  in  general,  the  proportions  of 
individuals  who  answered  very  much  or  quite  a  bit  about  hydrogen 
vehicles  and  its  fuels  increased  from  2006  to  2009.  For  example, 
the  proportions  of  individuals  with  very  much  knowledge  slightly 
increased  in  the  Greater  Stavanger  and  the  Back  Yard  sample.  The 
proportions  of  quite  a  bit  of  knowledge  about  hydrogen  vehicles 
substantially  increased,  particularly  in  the  Greater  Stavanger 
sample.  The  proportions  of  neither  a  lot  nor  a  little  also  increased 


Table  2 

Environmental  attitudes  ( partly  or  fully  agree). 


Greater  Stavanger 

Back  Yard 

2006 

(%) 

2009 

(%) 

Change 

(%i 

Mann 

Whitney 

U-test 

Kolmogorov- 
Smirnov  test 

2006 

(%) 

2009 

(%) 

Change 

(%) 

Mann 

Whitney 

U-  test 

Kolmogorov- 
Smirnov  test 

Solving  environmental  problems  should  be  one  of  the  top 

3  priorities  for  public  spending 

80 

65 

-15 

0.000 

0.000 

84 

65 

-19 

0.000 

0.000 

It  is  necessary  for  everyone,  including  myself  and  my  family, 
to  engage  in  certain  activities  to  protect  the  environment 

79 

56 

-23 

0.000 

0.000 

77 

52 

-25 

0.000 

0.000 

Science  and  technology  are  the  key  to  solving  environmental 
problems 

37 

33 

-4 

0.000 

0.003 

38 

32 

-6 

0.094  (n.s.) 

0.010 

Environmental  problems  (e.g.,  global  warming  and  air 
pollution)  have  been  exaggerated 

85 

75 

-10 

0.115  (n.s.) 

0.010 

89 

72 

-17 

0.000 

0.000 

The  significance  level  is  0.05. 
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Sample:  Greater  Stavanger  Sample:  Back  yard 


Error  Bars:  95%  Cl  Error  Bars:  95%  Cl 


Fig.  3.  Public  knowledge  of  hydrogen  vehicles. 


Sample:  Greater  Stavanger  Sample:  Back  yard 


How  do  you  feel  about  hydrogen-fuelled  vehicles  How  do  you  feel  about  hydrogen-fuelled  vehicles 

being  introduced  in  Stavanger?  being  introduced  in  Stavanger? 

Error  Bars:  95%  Cl  Error  Bars:  95%  Cl 

Fig.  4.  Public  acceptance  of  hydrogen  vehicles. 


Table  3 

The  possibility  of  using  hydrogen  fuels  and  willingness  to  pay  for  hydrogen  fuels. 


Greater  Stavanger 

2006  2009 

Change 

Back  Yard 

2006 

2009 

Change 

The  possibility  of  replacing  hydrogen  as  the  main  vehicle  fuel 

Very  positive 

46.5 

31.4 

-15.2 

57.4 

28.1 

-29.3 

Quite  positive 

36.0 

38.6 

+2.6 

30.1 

42.2 

+  12.1 

Neither  positive  or  negative 

15.1 

24.4 

+9.3 

10.9 

24.9 

+  14.0 

Quite  negative 

1.8 

2.9 

+  1.1 

0.8 

3.2 

+  2.4 

Very  negative 

0.5 

2.6 

+  2.1 

0.8 

1.6 

+  0.8 

Willingness  to  pay  more  for  hydrogen  fuels 

No,  I  would  not  pay 

38.4 

43.8 

+  5.3 

45.2 

44.1 

-1.1 

Yes,  a  little  more 

56.4 

51.4 

-4.9 

49.7 

52.2 

+  2.5 

Yes,  much  more 

5.2 

4.8 

-0.4 

5.1 

3.7 

-1.4 

over  time  in  both  locations:  2.1%  in  the  Back  Yard  sample  and 
3.5%  in  the  Greater  Stavanger  sample. 

4.4.  Public  acceptance  and  WTP  for  hydrogen  fuels 

Respondents’  opinions  about  the  introduction  of  hydrogen  vehi¬ 
cles  in  Greater  Stavanger  were  further  elaborated  upon  by  asking 
about  their  levels  of  acceptance  of  the  technology  (Fig.  4).  They  were 
given  four  choices  to  answer  the  statement:  support,  oppose,  need 
more  information  and  indifferent.  Surprisingly,  the  results  suggest 
that  those  who  support  hydrogen  technology  decreased  over  time  in 
Greater  Stavanger  and  Back  Yard.  In  contrast,  respondents  who  are 
indifferent  to  hydrogen-fuelled  vehicles  increased  by  10%  (the 


Greater  Stavanger  sample)  and  5.5%  (the  Back  Yard  sample).  The 
proportions  of  oppose  to  this  issue  also  slightly  increased  in  both 
sample  groups. 

The  next  step  was  to  check  whether  the  respondents  were  willing 
to  replace  their  current  vehicles  with  hydrogen  vehicles  (see  Table  3). 
Note  here  that  this  question  specifically  targeted  those  who  had 
personal  vehicles.  The  results  indicated  that  the  proportions  of  very 
positive  reaction  to  this  statement  substantially  decreased  in  the  Back 
Yard  (-29.3%)  and  Greater  Stavanger  samples  (- 15.2%)  from  2006 
to  2009.  However,  the  percentages  of  quite  positive  increased  over 
time;  this  trend  was  much  more  obvious  among  the  Back  Yard 
sample  (12%).  The  Kolmogorov-Smimov  tests  confirmed  differences 
in  relation  to  the  willingness  to  replace  current  vehicles  with 


A.K.M.  Tarigan,  S.B.  Bayer  /  Renewable  and  Sustainable  Energy  Reviews  16  (2012)  5535-5 544 


5541 


hydrogen  vehicles  between  2006  and  2009  in  both  the  Greater 
Stavanger  (p  <  0.001 )  and  Back  Yard  (p  <  0.001 )  samples. 

Finally,  the  surveys  measured  WTP  for  hydrogen  fuels.  No  final 
consensus  emerged  about  the  trends  of  public  opinions  regarding 
WTP  for  hydrogen  fuels  since  the  descriptive  results  show  incon¬ 
sistent  trends  between  group  samples  and  across  categories.  For 
example,  the  shares  of  the  total  sample  who  indicated  that  they 
would  not  pay  declined  in  the  Back  Yard  sample  (  —  1.1%),  but 
increased  in  the  Greater  Stavanger  sample  (5.3%).  In  contrast,  the 
number  of  Back  Yard  respondents  who  claimed  that  they  would 
pay  a  little  increased  (2.5%)  whereas  the  number  of  Greater 
Stavanger  respondents  slightly  decreased  ( -  4.9%). 


5.  Changes  in  hydrogen  vehicles’  acceptance 

A  set  of  statistical  estimations  using  Multinomial  Logistic 
Regression  (MLR)  was  further  carried  out  as  the  next  step  in  the 
analysis,  aimed  at  examining  factors  likely  to  influence  public 
acceptance  of  hydrogen  vehicles’  applications  and  explaining  how 
such  relations  have  changed  over  time.  In  addition,  the  MLR 
approach  was  considered  due  to  the  nature  of  nominal  (unor¬ 
dered)  categories  in  the  dependent  variable  (support,  oppose, 

Table  4 

Explanatory  variables  in  multinomial  logistic  regression  models. 


Age  Respondent's  age 

Backyard  Dummy  for  sample;  l  =  Back  Yard,  0= Greater  Stavanger 
Worker  Dummy  for  working  status;  1  -  Worker,  0=non  worker 
Male  Dummy  for  gender;  l  =  male,  0= female 
Child  Dummy  for  children;  l=children,  0=no  children 

Carown  Number  of  cars  in  household 

H2FUEL  Degree  of  knowledge  about  hydrogen  as  a  fuel,  from  1  =very  little 
or  nothing  to  5= very  much 

H2VEH  Degree  of  knowledge  about  hydrogen  vehicles  can  be  used  in 
Stavanger,  from  l=very  little  or  nothing  to  5=very  much 
ATT1  Attitudes  to  statement:  ‘Solving  environmental  problems  should  be 
one  of  the  top  3  priorities  for  public  spending’ 

ATT2  Attitudes  to  statement:  'It  is  necessary  for  everyone,  including 

myself  and  my  family,  to  engage  in  certain  activities  for  protecting 
the  environment’ 

ATT3  Attitudes  to  statement:  ‘Science  and  technology  are  the  key  to 
solving  environmental  problems’ 

ATT4  Attitudes  to  statement:  'Environmental  problems,  like  global 
warming  and  air  pollution,  have  been  exaggerated’ 


need  more  information  and  indifferent).  The  independent  vari¬ 
ables  include  socio-demographic  characteristics,  knowledge 
about  hydrogen  vehicles  and  refuelling  stations  as  well  as  public 
attitudes  towards  a  sustainable  environment.  The  list  of  names 
and  definitions  of  explanatory  variables  used  in  this  analysis  is 
presented  in  Table  4  while  the  results  are  shown  in  Table  5.  The 
model  estimations  performed  the  full-information  maximum- 
likelihood  procedure  using  the  2006  and  2009  datasets. 

Before  discussing  the  estimated  results,  the  fit  of  models  is 
first  elaborated.  The  2006  model  indicates  good  Pseudo  R2  values: 
Cox  and  Snell  R2  value  of  0.222,  Nagelkerke  R2  value  of  0.280  and 
a  McFadden  R2  of  0.160.  A  value  of  0.222  reported  by  Cox  and 
Snell  R2  indicates  that  approximately  22%  of  the  variation  in  the 
dependent  variable  related  to  the  public  preferences  for  hydrogen 
vehicles  can  be  explained  by  the  variation  in  the  explanatory 
variables.  A  similar  interpretation  can  also  be  made  for  other  R2 
values.  For  the  2009  model,  higher  values  of  Pseudo  R2  are  even 
greater:  Cox  and  Snell  R2  =  0.335,  Nagelkerke  R2=0.386  and 
McFadden  R2  =  0.201.  In  the  preliminary  analysis,  we  omitted 
certain  independent  variables  with  high  multicollinearity  by 
checking  the  variance  inflation  factor  (VIF)  values.  Basically,  no 
formal  ‘cut-off  value  exists  for  use  with  VIF  to  determine  whether 
multicollinearity  exists.  However,  values  of  VIF  in  excess  of 
2.5  are  often  suggested  as  indicating  multicollinearity  in  logistic 
regression  analysis  studies.  The  final  results  in  Table  5  indicate 
that  all  independent  variables  used  in  the  model  systems  had  a 
VIF  value  lower  than  2.5,  meaning  that  our  MLR  models  have  a 
goodness  of  fit  in  relation  to  the  independent  variables. 

The  estimated  results  suggest  that  individuals  living  close  to 
hydrogen  refuelling  stations  (i.e.,  the  Back  Yard  sample)  are  more 
likely  to  support  hydrogen  technology  features  than  those  who  live 
beyond  the  stations  based  on  the  2006  model  (B:  0.365;  p  <  0.001). 
This  evidence  is  line  with  two  studies  from  Greater  Stavanger 
[15,16]  and  London  [21,23],  which  report  that  living  close  to 
refuelling  stations  could  generate  a  kind  of  curiosity  for  hydrogen- 
related  projects  as  the  residents  would  be  more  aware  of  the 
positive  objectives  of  the  projects,  implying  that  they  are  likely  to 
support  hydrogen  vehicles  and  refuelling  stations’  developments. 
However,  our  results  demonstrated  such  relationships  occur  incon¬ 
sistently  over  time  as  the  Back  Yard  variable  does  not  statistically 
imply  support  for  hydrogen  technology  in  the  2009  model  (B:  0.442; 
p<0.100).  One  possible  explanation  for  these  results  is  that  the 
introduction  of  a  new  sustainable  technology  can  attract  attention 


Table  5 

Predicting  support  for  the  introduction  of  hydrogen  vehicles  in  Greater  Stavanger. 


2006 

2009 

Support 

B 

S.E. 

Oppose 

B 

S.E. 

Indifferent 

B 

S.E. 

Support 

B 

S.E. 

Oppose 

B 

S.E. 

Indifferent 

B 

S.E. 

Age 

-0.005 

0.006 

0.049 

0.053 

-0.034 

0.014 

-0.010 

0.006 

-0.023 

0.025 

-0.009 

0.009 

Backyard 

0.365** 

0.170 

-0.422 

1.462 

1.299** 

0.442 

0.045 

0.170 

0.393 

0.643 

-0.167 

0.250 

Worker 

0.062 

0.208 

0.755 

1.722 

-1.096 

0.465 

0.234 

0.199 

-0.315 

0.723 

-0.405 

0.269 

Male 

0.950*** 

0.175 

-0.726 

1.739 

1.241** 

0.470 

0.708*** 

0.174 

-0.115 

0.835 

0.700*** 

0.255 

Child 

-0.143 

0.181 

0.319 

1.495 

-0.226 

0.453 

-0.230 

0.181 

0.223 

0.720 

-0.433 

0.267 

Carown 

-0.024 

0.121 

-0.232 

1.020 

-0.139 

0.286 

0.044 

0.118 

-0.034 

0.457 

-0.063 

0.167 

H2FUEL 

0.463*** 

0.097 

2.517 

0.936 

0.126 

0.241 

0.431*** 

0.084 

0.820** 

0.289 

0.40*** 

0.115 

H2VEH 

0.934*** 

0.241 

2.593 

2.028 

1.010 

0.670 

0.788*** 

0.103 

1.918*** 

0.393 

0.192 

0.131 

ATT1 

0.193** 

0.089 

0.392 

0.595 

0.303 

0.189 

0.021* 

0.093 

0.101 

0.327 

0.386*** 

0.123 

ATT2 

0.027 

0.058 

-0.610 

0.482 

-0.336* 

0.166 

0.119 

0.084 

0.155 

0.335 

0.048 

0.116 

ATT3 

0.048 

0.086 

-0.815 

0.779 

0.148 

0.198 

-0.033 

0.066 

0.129 

0.241 

0.129 

0.095 

ATT4 

-0.110 

0.086 

0.797 

0.519 

0.261 

0.191 

-0.087 

0.089 

-0.227 

0.331 

-0.205* 

0.120 

CONSTANT 

3.624*** 

0.696 

-1.295 

5.384 

-0.862 

1.662 

4.202*** 

0.827 

-4.235 

3.200 

2.654 

1.121 

Note:  The  reference  category  for  the  dependent  variables  is  to  want  more  information. 
*  p  <  0.1  N= 1 000  for  each  model. 

**  p  <  0.05. 

***p<0.01. 
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Table  6 

Predicting  willingness  to  spend  extra  money  to  use  hydrogen  fuels. 


2006 

2009 

B 

SE 

Wald 

Exp  (B) 

B 

SE 

Wald 

Exp  (B) 

Age 

-0.032*** 

0.011 

8.207 

0.969 

-0.001* 

0.012 

0.003 

1.001 

Backyard 

-0.081 

0.324 

0.062 

0.922 

-0.099 

0.366 

0.073 

0.906 

Worker 

-0.401 

0.367 

1.194 

0.670 

-0.677* 

0.387 

3.070 

0.508 

Male 

0.156 

0.342 

0.208 

0.856 

1.488*** 

0.395 

1.420 

4.427 

Child 

-0.105 

0.336 

0.098 

0.900 

-0.043 

0.395 

0.012 

0.958 

Carown 

-0.028 

0.224 

0.015 

0.973 

-0.203 

0.247 

0.675 

0.816 

H2FUEL 

0.417 

0.158 

6.914 

0.659 

0.188 

0.163 

1.337 

1.207 

H2VEH 

0.115 

0.516 

0.050 

1.122 

0.072 

0.193 

0.138 

1.074 

ATT1 

0.602** 

0.254 

5.616 

0.548 

0.895** 

0.292 

9.386 

2.446 

ATT2 

0.197 

0.125 

2.502 

1.218 

0.422* 

0.223 

3.592 

1.525 

ATT3 

-0.198 

0.199 

0.993 

0.820 

-0.074 

0.133 

0.311 

0.929 

ATT4 

0.239 

0.151 

2.504 

1.270 

0.003 

0.197 

0.001 

1.003 

Constant 

1.038 

1.355 

0.587 

-9.026*** 

2.006 

2.024 

Nagel  kerke 

0.192 

0.221 

N=1000  for  each  model. 


*p<0.1. 

**  p  <  0.05. 

***  p<0.01. 


and  curiosity  among  residents  who  live  close  to  the  development 
during  the  initial  development  phase,  making  them  more  likely  to 
support  the  technology.  However,  after  a  certain  period  of  time,  the 
Back  Yard  issue  becomes  irrelevant  as  the  public  -  regardless  of 
where  they  live  -  becomes  more  familiar  with  and  knowledgeable 
about  hydrogen  vehicles  and  their  development  progress. 

Several  social  variables  were  used  in  the  model  analysis,  but 
only  the  gender  variable  was  statistically  related  to  support  for 
hydrogen  vehicles  in  both  periods.  This  result  indicates  that  being 
a  male  would  imply  support  or  indifference  for  the  introduction 
of  hydrogen  in  2006  and  2009  (0.950  and  0.708,  respectively). 
This  evidence  seems  to  support  a  wealth  of  previous  research, 
reporting  that  males  have  greater  concern  about  and  awareness  of 
sustainable  vehicle-related  issues  than  their  female  counterparts. 
Small  decreases  found  here  may  suggest  that  gender  influence 
affecting  public  preference  for  hydrogen  vehicles  weakens  over  time. 
Females  have  likely  become  more  familiar  with  hydrogen  vehicles 
and  other  sustainable  energy  debates  in  society  in  recent  years. 

The  results  of  the  study  further  reveal  that,  as  expected,  greater 
knowledge  about  hydrogen  fuels  (H2FUEL)  and  hydrogen  vehicles 
(H2VEH)  imply  greater  support  for  the  introduction  of  hydrogen 
energy  developments;  these  results  are  relatively  stable  over  time. 
Furthermore,  over  time,  an  increase  in  hydrogen  technologies’  knowl¬ 
edge  could  also  lead  the  public  to  be  more  likely  to  oppose  and  be 
indifferent  to  hydrogen  vehicle  developments. 

Across  all  pro-environment  attitudes’  variables,  the  estimated 
results  suggest  that  only  ATT1  (‘Solving  environmental  problems 
should  be  one  of  the  top  3  priorities  for  public  spending’)  has  a 
significant  and  positive  association  with  the  result  in  supporting 
hydrogen  vehicles  and  refuelling  stations  over  the  three-year  period 
(B;  0.193;  p<  0.05  [2  0  0  6]  and  B:  0.021;  p<0.1  [2009]).  An 
obvious  interpretation  driven  by  these  findings  is  that  ATT1  is  veiy 
reliable  for  use  as  an  indicator  to  test  the  effects  of  a  pro-environ¬ 
ment  attitude  on  hydrogen  acceptance.  This  also  means  that  such  a 
variable  needs  to  be  incorporated  when  one  aims  to  model  public 
acceptance  of  hydrogen  energy  developments  or  other  sustainable 
energy  for  future  research. 


6.  Changes  in  willingness  to  pay  for  hydrogen  fuels 

This  final  analysis  utilised  binary  logistic  regression  analysis  to 
explain  WTP  for  hydrogen  fuels.  In  our  original  dataset,  the 


dependent  variable  of  the  model  system  consists  of  three  groups: 
‘Yes,  much  more’,  ‘Yes,  a  little  more’  and  ‘No,  I  would  not  pay’.  Since 
the  small  proportion  of ‘Yes,  much  more’  was  obtained  in  the  survey, 
we  recoded  the  dependent  variables  with  a  dummy  variable  (‘Yes’  or 
‘No’).  This  modification  further  enabled  us  to  obtain  straight  results 
about  public  preference  to  purchase  hydrogen  fuels.2  These  analyses 
were  performed  using  the  full  information  maximum-likelihood 
procedure  and  also  incorporated  the  values  of  VIF  in  excess  of  2.5  to 
indicate  multicollinearity.  The  final  results  are  tabulated  in  Table  6. 

The  estimation  results  indicate  that  younger  individuals  are 
more  likely  to  indicate  WTP  for  hydrogen  fuels  than  older 
individuals;  this  evidence  is  evident  throughout  the  observed 
periods.  This  result  presumably  stems  from  the  fact  that  young 
individuals  have  greater  access  to  information  (e.g.,  from  school 
or  university)  about  the  needs  to  reduce  emission  actions  and 
negative  consequences  of  using  conventional  fuels.  Although 
being  male  has  no  significant  impact  on  WTP  for  hydrogen  fuels 
in  the  2006  model,  this  result  changed  in  the  2009  model  as  males 
were  positively  related  to  WTP  for  hydrogen  fuels.  Working 
individuals  were  less  likely  to  pay  more  for  hydrogen  fuels  in 
the  2009  model,  but  no  similar  evidence  was  captured  in  the  2006 
model.  It  is  hard  to  explain  without  further  investigation  why 
such  relationships  were  only  shown  in  the  2009  model.  However, 
it  is  reasonable  to  conclude  that  males  and  workers  are  those  who 
are  much  more  likely  to  spend  extra  money  on  hydrogen  fuels. 

Although  we  anticipated  that  knowledge  about  hydrogen 
vehicles  might  be  linked  to  the  likelihood  of  WTP  for  hydrogen 
fuels,  no  such  evidence  was  reported  in  our  estimation  results.  In 
addition,  the  estimation  results  show  that  a  greater  value  of  pro¬ 
environment  attitude  (ATT1 )  can  imply  the  likelihood  of  WTP  in 
purchasing  hydrogen  fuels;  such  results  were  consistently  found 
in  both  observed  periods. 


7.  Discussions 

This  paper  has  sought  to  explore  temporal  changes  concerning 
attitudes,  knowledge  and  acceptance  as  well  as  WTP  related  to 


2  However,  we  acknowledge  potential  problems  in  this  approach  as  this  study 
may  neglect  valuable  information  underlying  decisions  of  willingness  to  pay  much 
more  and  willingness  to  pay  a  little  more  for  hydrogen  fuels.  Addressing  and 
incorporating  this  information  into  the  analysis  offer  a  direction  for  future  research. 
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hydrogen  vehicles  among  Greater  Stavanger  individuals.  The 
analysis  was  conducted  using  two  survey  phases  in  2006  and 
2009  among  those  who  live  very  close  to  refuelling  stations  (Back 
Yard)  and  those  who  live  beyond  the  stations  (Greater  Stavanger). 
The  analysis  was  conducted  in  light  of  the  fact  that  Norwegian 
newspapers  have  consistently  published  the  progress  made  on 
hydrogen  vehicles  and  fuels  for  the  public. 

The  descriptive  results  suggest  that  public  knowledge  about 
hydrogen  fuels  and  vehicles  differed  between  2006  and  2009, 
indicating  positive  trends.  Intuitively,  information  about  hydro¬ 
gen  energy  improvements  during  the  three-year  period  seems 
likely  to  contribute  to  the  growing  knowledge  among  the  respon¬ 
dents.  This  may  be  relevant  to  what  Qu  et  al.  [32]  reported — 
namely,  that  more  people  become  knowledgeable  about  the 
importance  of  sustainable  energy  through  informal  means,  such 
as  newspapers  and  the  Internet.  However,  the  role  of  information 
in  increasing  knowledge  levels  and  public  acceptance  of  hydrogen 
vehicles  was  not  tested  due  to  the  limitation  of  our  data.  For 
example,  no  evidence  in  our  dataset  indicated  how  often  respon¬ 
dents  had  read  or  heard  about  hydrogen  energy  from  various 
means  (e.g.,  the  Internet,  radio,  TV  and  newspaper)  or  how  such 
means  could  be  related  to  improving  their  knowledge.  Determin¬ 
ing  which  types  of  information  have  enhanced  knowledge  about 
hydrogen  vehicles  and  fuels  and  which  types  would  not  improve 
public  knowledge  needs  to  be  studied  further  [22,26].  This  aspect 
should  be  included  in  future  surveys  to  gain  a  better  under¬ 
standing  about  the  effects  of  information  on  changing  public 
knowledge  as  well  as  public  acceptance. 

The  descriptive  results  and  statistical  tests  indicate  that 
respondents’  pro-environment  attitudes  have  decreased  over 
time.  For  example,  the  number  of  those  who  agreed  ( partly  or 
fully  agree )  that  everyone  should  engage  in  certain  activities  to 
protect  the  environment  decreased  substantially  over  time;  these 
findings  were  detected  in  both  sample  groups.  Similarly,  the 
number  of  respondents  who  supported  hydrogen  vehicles’  intro¬ 
ductions  and  indicated  a  great  willingness  to  pay  for  hydrogen 
fuels  decreased  between  2006  and  2009.  The  multivariate  ana¬ 
lyses  suggest  a  few  key  points  in  the  temporal  changes  of  the 
public’s  attitudes,  knowledge,  acceptance  and  WTP  related  to 
hydrogen  vehicles.  According  to  the  results,  an  increase  of 
hydrogen-related  knowledge  can  imply  greater  support  for 
hydrogen  vehicles;  these  relationships  were  consistently  reported 
in  2006  and  2009  and  are  in  line  with  previous  studies  (e.g.,  [24]). 
Interestingly,  we  found  that  gaining  more  knowledge  can  also 
lead  to  greater  opposition  and  indifference  to  the  technology.  Past 
studies  reveal  that  users  identified  current  and  potential  barriers 
to  the  technology  [34],  infrastructure  availability  [33]  and  the 
current  price  of  fuels  [11]  as  issues  which  could  push  them  to  be 
more  realistic  about  the  impact  of  the  technology,  making  them 
less  supportive  of  this  energy  type. 

No  evidence  was  found  in  the  estimation  results  to  support  the 
relationships  between  knowledge  and  WTP  for  hydrogen  fuels, 
but  significant  relationships  were  found  between  attitudes  and 
WTP  for  hydrogen  fuels.  These  results  differ  from  public  accep¬ 
tance  models,  demonstrating  that  levels  of  knowledge  and  atti¬ 
tudes  statistically  implied  greater  public  acceptance  of  hydrogen 
vehicles.  Thus,  the  results  seem  to  explain  that  improving  public 
knowledge  can  increase  the  propensity  of  public  acceptance  of 
hydrogen  vehicles  and  refuelling  stations.  However,  improving 
public  attitudes  to  be  more  supportive  of  the  natural  environment 
is  a  powerful  approach  to  influencing  not  only  public  acceptance 
of  hydrogen  vehicles,  but  also  WTP  for  hydrogen  fuels.  These 
findings  were  consistently  found  in  the  observed  periods. 

Regarding  the  effects  of  socio-demographic  characteristics  on 
the  propensity  to  influence  public  acceptance  and  WTP  for 
hydrogen  fuels,  the  results  indicated  that  living  closer  to 


hydrogen  refuelling  stations  may  influence  the  likelihood  to 
support  hydrogen  vehicles  in  the  2006  data.  However,  such  a 
relationship  did  not  exist  in  the  2009  data.  Past  studies,  like 
O'Garra  et  al.  [21,23],  Thesen  and  Langhelle  [15],  and  Tarigan  et  al. 
[16],  have  strongly  considered  the  Back  Yard  effect  for  explaining 
public  acceptance  of  hydrogen  energy.  However,  based  on  the 
current  study,  it  seems  that  the  Back  Yard  effect  on  hydrogen 
acceptance  is  weaker  on  a  temporal  basis.  Meanwhile,  being  male 
consistently  affected  the  likelihood  of  hydrogen  acceptance, 
although  the  effect  values  were  smaller  between  the  2006  and 
2009  models.  A  large  number  of  previous  studies  also  stressed  the 
role  of  male  individuals  in  supporting  sustainable  energy  devel¬ 
opments;  our  data  confirm  such  previous  results. 

A  few  possible  insights  can  be  drawn  regarding  negative 
trends  of  attitudes  and  acceptance  of  hydrogen  vehicles  in  Greater 
Stavanger.  First,  we  observed  that,  in  the  field,  the  development  of 
hydrogen  projects  has  been  quite  slow  in  Greater  Stavanger.  Since 
2009,  when  the  second  survey  was  conducted,  only  a  few 
hydrogen  vehicles  and  one  hydrogen  refuelling  station  were 
available  in  Greater  Stavanger,  suggesting  that  local  residents 
have  less  opportunity  to  have  personal  experiences  with  hydro¬ 
gen  vehicles.  Martin  et  al.  [11  ],  Shaheen  et  al.  [24]  and  others  have 
clearly  shown  that  direct  experience  like  driving  and  riding  in 
vehicles  can  increase  public  awareness  about  the  technology. 
Furthermore,  a  set  of  examples  from  different  cities  in  the  world 
[35-39]  indicate  that  the  introduction  of  public  buses  and  taxis 
[38]  that  use  hydrogen  energy  may  generate  more  confidence 
among  passengers,  thereby  creating  loyalty  to  re-use  this  mode  in 
the  future.  Such  results  can  illustrate  how  direct  experiences  are 
crucial  for  generating  more  support  within  the  community. 

Furthermore,  since  the  HyNor  project  was  launched,  no  addi¬ 
tional  development  of  hydrogen  refuelling  stations  within  the 
Greater  Stavanger  region  has  occurred,  which  could  therefore 
contribute  to  the  lack  of  confidence  among  local  residents  about 
the  progress  of  this  technology.  In  contrast,  other  sustainable 
fuels  are  becoming  much  more  known  in  Greater  Stavanger.  For 
example,  the  presence  of  electric  cars  is  rapidly  increasing  in 
Greater  Stavanger  and  Norway,  and  it  has  been  reported  that  the 
total  number  of  electric  cars  has  increased  to  more  than  1000  since 
the  first  vehicle  sold  in  1998  in  Norway  (www.puremobility.no).  In 
addition,  a  growing  number  of  parking  area  developments  have 
occurred  dedicated  exclusively  to  electric  vehicles  within  the  city 
centre.  There  is  further  evidence  that  biogas  (biomethane )-powered 
taxis  are  becoming  common  in  Greater  Stavanger  and  are  often  used 
by  residents  for  their  mobility.  The  experience  of  riding  in  a  biogas 
taxi  is  expected  to  increase  public  awareness,  acceptance  and 
probably  confidence  about  these  green  modes.  Unfortunately,  such 
progress  did  not  appear  in  the  hydrogen  energy  case;  over  time,  this 
might  contribute  to  the  decrease  of  public  support  and  WTP  for 
hydrogen  fuels. 

In  the  context  of  political  discourses  related  to  hydrogen  energy 
developments  in  Norway,  Sataoen  [14]  stressed  the  lack  of  vision  of 
the  Norwegian  HyNor  project  that,  in  the  long  term,  may  affect  the 
fall  of  HyNor  projects.  This  study  reports  that  the  sustainability  of 
the  HyNor  project  has  been  called  into  question  by  certain  stake¬ 
holders  in  Greater  Stavanger  as  the  HyNor  project’s  visions  changed 
from  an  optimistic  approach  to  a  less  optimistic  and  even  pragmatic 
approach  between  2006  and  2008.  This  change  was  probably  due  to 
the  fact  that  expectations  concerning  support  from  the  partners 
(auto  industries,  policymakers  and  research  groups)  in  the  HyNor 
project  were  not  fulfilled.  For  example,  auto  industries  seem  to  be 
concerned  about  the  commercial  value  of  hydrogen  vehicles. 
Furthermore,  practically,  limited  innovation  has  been  proposed  by 
the  authorities  regarding  tax  credits,  subsidies  and  other  incentives 
to  reduce  the  net  purchase  price  of  hydrogen  vehicles  and  fuels  as 
well  as  other  technological  problems.  Such  examples  may  indicate 
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that  -  along  with  engineering  improvements  for  hydrogen  technol¬ 
ogy  -  serious  attention  should  be  focused  on  social  aspects  of  the 
HyNor  project. 


8.  Future  research  and  conclusion 

A  few  notes  concerning  our  study  should  be  considered  for 
future  research  efforts.  First,  it  must  be  repeated  here  that  future 
studies  need  to  elaborate  upon  the  effects  of  information  on 
knowledge,  attitudes  and  acceptance  related  to  hydrogen  vehicles. 
As  suggested  by  Molin  [22],  information  could  influence  residents’ 
preferences  about  hydrogen  vehicles;  this  needs  further  clarifica¬ 
tion  for  the  Norwegian  context  through  an  in-depth  investigation. 
Second,  the  availability  of  more  detailed  information  about  the 
challenges  faced  by  the  public  when  riding  in  or  considering 
hydrogen  vehicles  should  be  empirically  examined  to  extend 
investigations  regarding,  for  example,  hydrogen  fuel  endurance, 
vehicle  speed,  distance  to  reach  the  stations  and  maintenance 
issues  when  purchasing  the  vehicles  as  well  as  other  hidden 
problems  that  could  decrease  hydrogen  acceptance.  Finally,  the 
next  avenue  of  our  study  as  part  of  our  research  plans  in  the 
HyNor  project  aims  to  incorporate  a  cluster  analysis  approach 
considering  public  preference,  attitudes’  characteristics  and 
knowledge  about  the  technology.  The  results  could  identify  those 
who  can  more  flexibly  shift  to  using  hydrogen  vehicles  and  those 
who  cannot.  Such  research  would  further  indicate  the  groups  of 
individuals  with  very  positive  perceptions  of  hydrogen  fuels  and 
those  without  such  perceptions.  This  analytical  approach  is  critical 
for  proving  feedback  for  effective  campaigns  and  other  efforts  in 
order  to  promote  hydrogen  vehicles  and  refuelling  stations. 

Overall,  this  study  reports  that  public  knowledge  of  hydrogen 
vehicles  among  the  Greater  Stavanger  respondents  increased 
between  2006  and  2009.  However,  attitudes  and  acceptance  related 
to  hydrogen  technology  substantially  decreased  during  the  observed 
periods.  Knowledge  about  a  sustainable  environment  can  affect  the 
acceptance  of  hydrogen  energy.  However,  the  level  of  pro-environ¬ 
ment  attitudes  can  increase  not  only  the  public’s  acceptance  of 
hydrogen  vehicles,  but  also  their  willingness  to  pay  for  hydrogen 
fuels.  These  results  were  consistently  found  over  the  observed 
periods,  based  on  the  Greater  Stavanger’s  case. 
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